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preface 


The  Information  gained  concerning  the  thermal  conductivity  of  Q-felt  micro-quart* 
fiber  insulation  material  under  Contract  No.  AP 33(657) -7132  for  the  design  and 
development  of  the  X-20  Re-entry  Vehicle  ia  reported  in  this  document.  This 
document  vas  prepared  under  Contract  A?33(6l5)-l624. 
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The  thermal  conductivity  of  Q-felt,  a  ecrsserclal  micro-quartz  fibrous  insulation 
material,  was  evaluated.  Tests  were  conducted  on  several  densities  each  of  os 
received  end  thermally  stabilized  material  at  elevated  temperatures  and  at  . 
atmospheric  and  reduced  pressures.  Kean  tout  temperatures  ranged  from  200 to 
2560*?  and  reduced  pressures  to  0.1  mm/aercuiy  were  used. 

Curves  have  been  prepared  presenting  the  mean  apparent  thermal  conductivity  of 
both  thermally  stabilized  and  unstabilized  Q-felt  as  a  function  of  mean  tempera¬ 
ture,  gas  pressure  and  material  density. 

Insulation 

Thermal  Conductivity 
Hicro-'Juortz  fibers 
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The  temperature  differentials  and  heat  flov  restrictions  encountered  for  the 
X-20  Dyna-Soar  vehicle  required  the  development  of  reliable  thermal  conductance 
data.  The  requirements  for  insulation  systems  operating  above  2000*?  presented 
simultaneously  the  problems  of  the  evaluation  of  the  candidate  materials  at 
atmospheric  and  reduced  pressures  and  the  development  of  test  apparatus  which 
would  yield  accurate  data. 

A  micro-quartz  fiber  felt  insulation  was  selected  for  X-20  usage.  This  report 
provides  the  results  of  tests  to  evaluate  the  thermal  conductivity  of  4-felt, 
which  is  the  trade  name  for  micro-quartz  fibers  manufactured  by  the  Johns- 
Hanville  Corporation.  Prior  to  thermal  exposure,  4-felt  is  soft,  resilient  and 
flexible  and  can  be  draped  over  contours  and  curved  shapes.  However,  at  temp¬ 
eratures  above  l80C*F,  the  quartz  fibers  change  from  an  amorphous  to  a  crystal¬ 
line  state  which  results  in  stiffening  and  shrinking  of  the  fibers. 

The  term  "thermal  conductivity"  as  used  in  this  report  refers  actually  to 
"mean  apparent  thermal  conductivity"  since  heat  transferred  through  porous 
insulation  materials  is  the  result  of  all  three  basic  mechanisms  of  heat  flow] 
namely,  gas  and  solid  conduction,  gas  convection,  and  thermal  radiation. 

Heat  flov  through  a  porous  material  is  not- only  a  function  of  material  density 
and  temperature  but  also  of  pres  cure.  This  pressure  phenomenon  causes  the 
thermal  conductivity  to  decrease  nonlinear ly  with  decreasing  pressure.  There¬ 
fore,  the  thermal  conductivity  of  4-felt  was  evaluated  for  various  densities 
under  varying  conditions  of  temperature  and  pressure. 

The  temperature  and  pressure  ranges  over  which  thermal  conductivity  measure¬ 
ments  were  required  exceeded  the  capabilities  of  the  conventional  Guarded  Hot 
Plate  and  Infinite  Cylinder  test  apparatus.  Consequently,  the  majority  of  the 
data  was  obtained  using  a  Heat  Flov  Transducer  apparatus.  This  apparatus  uses 
the  calibrated  output  cf  a  thermopile  element  to  sense  the  heat  flov. 

Thermal  conductivity  measurements  on  Q-  felt  vere  accomplished  up  to  maximum 
hot  face  temperatures  of  approximately  2750*?  and  at  pressures  from  atmos¬ 
pheric  down  to  0.10  an  of  mercury.  Several  densities  each  of  as-produced  and 
thermally  stabilised  material  vere  evaluated. 
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The  tests  reported  la  this  document  were  conducted  to  provide  mean  apparent 
thermal  conductivity  data  for  both  as-produced  and  thermally  stabilized  Q-felt 
in  several  densities  over  a  range  of  test  temperatures  and  pressures,  these 
data  were  collected  from  tests  conducted  over  a  period  of  three  years. 

Atmospheric  pressure  tests  for  the  as-produced  material  were  conducted  oa  13 
sample a  ranging  from  3*55  to  7*5  lb/ft*  density.  Reduced,  pressure  tests  were 
conducted  on  4  of  these  samples,  (hie  sample  each  was  tested  in  an  Infinite 
Cylinder  Apparatus  and  a  Guarded  Hot  Plate  apparatus  for  comparison  with  the 
remainder  of  the  tasting  accomplished  using  the  Beat  Flow  Transducer  apparatus. 

A  total  of  1 66  readings  verc  accomplished  on  the  as -produced  material  at  hot 
face  temperatures  to  2000*F  and.  at  atmospheric  and  reduced  pressures  to  0.1 
mj fig  as  shown  in  Table  1. 

For  the  thermally  stabilized  material,  6  samples  ranging  in  density  from  V.95 
to  10.8  lb/ft**  v*re  bested  at  atmospheric  pressure.  Reduced  pressure  tests  were 
conducted  on  3  of  these  samples.  One  sample  was  tested  in  the  Infinite  Cylinder 
apparatus  and  the  remainder  were  tested  using  the  Heat  Flow  Transducer  teat 
apparatus.  A  total  of  80  readings  were  accomplished  on  the  thermally  stabilised 
material  at  hot  face  temperatures  to  2?50*F  and  at  atmospheric  and  reduced 
pressures  to  one  rnm/Hg  as  shown  in  Table  2. 
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T ABLE  2 

TKGT  PLAT!  Port  TIERMUXT  JTABILIZfcD  Q-JELT 
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MATERIAL 


The  material  tested  in  this  program  is  Intended  for  thernal  insulation  of 
structures  exposed  to  extremely  high  temperature  environments.  This  insulation 
is  a  felt  composed  of  interlaced  micro -quarts  fibers.  T'e  fibers  are  .75  to  1.5 
microns  average  diameter  and  are  composed  of  a  minimum  of  98.5  weight  percent 
silicon  dioxide.  This  material  is  commonly  known  as  Q-felt  which  is  a  trade  name 
for  micro-quartz  fibers  manufactured  by  the  Johcs-Manville  Corporation  which 
supplied  all  of  the  material  used  in  this  program. 

The  Q-felt  tested  in  this  program  was  of  two  types.  Type  I  is  the  normal  "as- 
produced"  condition  and  is  soft  and  flexible  and  can  be  draped  over  contours  and 
curved  shapes.  Its  nominal  density  is  3*0  to  3>5  pounds  per  cubic  foot  in  the 
as-received  condition.  Testing  was  accomplished  on  Type  I  material  of  nominal 
densities  from  3*5  to  7*5  lb/ft 3.  The  as-received  material  vas  mechanically 
compressed  to  the  required  density  for  testing. 

Exposure  of  Type  I  material  to  temperatures  in  excess  of  l800*F  results  in  a 
significant  change  in  its  physical  state.  At  these  high  temperatures,  the  quarts 
fibers  devitrify  or  change  from  an  amorphous  to  a  crystalline  state.  The  result 
of  this  is  a  shrinking  and  stiffening  of  the  fibers  which  converts  it  to  a  rigid 
state.  The  insulation  can  be  thermally  exposed  to  obtain  a  heat  stabilised 
condition  where  phase  changes  end  densifi cation  of  the  fibers  are  nearly  complete 
and  dimensional  stability  for  higher  temperature  applications'  is  attained.  A 
thermal  exposure  to  2200 ‘T  for  3  hours  results  in  a  condition  which  exhibits  less 
than  l£  additional  shrinkage  when  exposed  to  temperatures  of  2750 *f  for  30 
minutes.  Material  which  has  been  thermally  stabilised  is  designated  as  Type  H. 
Figure  1  chows  a  sample  of  Q-felt  in  both  the  as-received  and  beat  stabilised 
conditions. 

Teste  were  conducted  on  several  densities  of  the  Type  II  material.  This 
material  was  mechanically  compressed  prior  to  thermal  stabilisation  to  yield 
densities  ranging  from  U.9  to  10.8  lb/ft^. 

A  Boeing  Material  Specification  was  prepared  to  provide  procurement  control  of 
Q-felt.  This  specification  wae  prepared  under  close  coordination  with  the 
material  supplier  to  provide  a  more  uniform  product  and  prevent  high  temperature 
reactions  due  to  impurities  in  the  product.  A  copy  of  this  specification  is 
provided  in  Appendix  C. 
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Three  types  of  conductooeter  apparatus  were  used  for  the  measurements  of  thermal 
conductivity  presented  in  this  report.  They  are  eta  follows: 

1.  Guarded  Hot  Plate  Apparatua 

2.  Infinite  Cylinder  Apparatus 

3.  Best  Plow  Transducer  Apparatus 

A  summarized  comparison  of  these  pieces  of  equipment  is  presented  in  Table  3. 

The  majority  of  the  test  data  was  generated  using  the  Heat  Plow  Transducer  due 
to  the  temperature  and  pressure  requirements  dictated  by  the  anticipated  X-20 
environment.  Tne  Guarded  Hot  Plate  and  Infinite  Cylinder  apparatua  were  used 
primarily  aa  back  up  for  the  calibration  of  the  Heat  Plow  Transducer. 

The  Guarded  Hot  Plate  haa  been  fully  described  in  ASTM  publications  end  ha*  been 
the  standard  testing  method  for  conductivity  measurements  for  more  than  a 
decade.  The  unit  used  in  this  program  was  constructed  to  the  requirements  of 
A3TM  C-1TM5-'*'  Figure  2  shows  a  pertly  disassembled  view  of  this  apparatua. 

The  Infinite  cylinder  type  of  apparatus  has  been  used  extensively  by  numerous 
investigators  because  the  equipment  offers  few  design  problems  for  theoreti¬ 
cally  accurate  thermal  conductivity  determination.  This  type  of  apparatus  has 
been  adequately  described  in  published  literature.'®*  Comprehensive  discussions 
on  the  Guarded  Hot  Plate  and  Infinite  Cylinder  may  be  found  In.  most  text  books 
dealing  with  heat  transfer.  Figure  3  shows  a  partly  disassembled  view  of  the 
Infinite  Cylinder  apparatus. 

•  «■ 

The  Heat  Plow  Transducer  apparatus  used  throughout  this  test  program  was 
developed  from  a  lower  temperature  capability  laboratory  unit  initially  built 
is  1956.  Figure  4.  shows  a  schematic  of  the  present  apparatus.  The  heat  flow 
sensing  element  is  a  thermopile  transducer,  a  flat  core  around  which  is  wound  s 
number  of  differential  thermocouples  connected  in  series.  Figure  5  chows  the 
components  of  the  sensing  unit.  In  operation,  the  thermopile  produces  an 
electromotive  force  (EMF)  proportional  to  the  temperature  gradient  between  the 
hot  and  cold  Junctions.  For  a  given  heat  flow  rate,  the  output  of  the  trans¬ 
ducer  depends  upon  the  number  of  differential  couples  making  up  the  sensing  unit 
and  the  thermal  conductivity  of  the  core  material.  After  proper  calibration, 
the  Off  output  may  be  translated  into  heat  units  of  MU/see-in  . 

The  heat  source  is  composed  of  two  independent  heaters,  a  five  inch  square 
unit  and  a  one  end  one-half  inch  vide  guard  ring.  This  configuration  makes 
available  an  effectively  uniformly  heated  area  approximately  6  inches  square. 

Two  heat  sources  were  used.  One  uses  "Kaatbal-A"  resistive  wire  eieaents  in  both 
the  main  end  guard  heaters  and  is  capable  of  producing  temperatures  to  2200*F. 

For  temperatures  up  to  2800*P,  a  silicon  carbide  globar  main  beater  with  • 
platinun-rhodi'm  wire  wound  guard  ring  configuration  was  used. 

Thermocouples  were  placed  on  both  the  hot  face  and  cold  face  of  the  insulation 
specimen  to  allow  measurement  of  the  temperature  drop  across  the  specimen,  and 
computation  of  the  mean  temperature.  A  lagging  insulatio  was  placed  between  the 
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specimen  cold  face  and  the  thermopile  transducer  to  maintain  a  reasonable  temp* 
erature  gradient  (200*F  to  500*F)  through  the, test  sample.  The  tbermopil*- 
transducer  waa  approximately  2  inches  square  and  was  bonded  directly  to  the  water 
cooled  copper  heat  sink. 


Figure  6  shows  the  2S00*F  condue  tome  ter  partly  disassembled.  T-  e  temperature 
head  has  been  placed  at  the  rear.  The  four  darker  spots  near  the  corners  of  the 
9x9  Inch  square  sanple  are  silicon  carbide  spacers  used  to  support  the  tempera¬ 
ture  head  and  maintain  the  required  specimen  thickness. 

The  steady  state  heat  flow  condition  required  for  all  conductivity  tests  was 
considered  established  when  all  pertinent  measurements  had  stabilized  for  a  period 
of  one  hour.  From  measurements  of  the  EMF  generated  by  heat  flowing  through  the 
transducer,  the  hot  end  cold  face  temperatures  and  the  thickness  of  the  specimen, 
thermal  conductivity  is  fo'tfid  by  the  equation  below  for  unidirectional  heat  flow 
in  the  steady  state. 


where: 

-6  2 

K  *  The  apparent  mean  thermal  conductivity  in  10  BlU-ln/sec.-in  -*F 

AT  «  The  temperature  drop  ccross  the  sample  in  *F 
t  ■  The  sanple  thickness  in  inches 

•*6  _  .  •  2 

Q  ■  The  heat  flo>  through  the  transducer  in  10  BTU/sec-ln 
(Q  ia  determined  by  multiplying  the  EMF  output  of  the 
transducer  in  millivolts  by  the  transducer  calibration 
factor  in  HTU/ sec -in2-milli volt) 

For  the  measurements*  of  thermal  conductivity  at  reduced  pressures,  the  Heat  Flaw 
Transducer  apparatus  wus  mounted  in  on  18"  glass  bell  Jar.  The  bell  Jar  base 
plate  contained  sealed  connectors  to  accommodate  all  power  leads,  instrument 
leads,  and  coolant  pass  through s.  Figure  ?  shows  the  vacuum  test  set  up. 

The  Q-felt  sanples  were  mounted  in  the  test  apparatus  end  the  first  reading  was 
taken  at  the  lowest  temperature.  Where  only  atmospheric  pressure  readings  were 
taken,  the  specimen  temperature  was  raised  in  increments  end  readings  taken  after 
the  required  stabilisation  period  until  the  highest  temperature  was  reached. 

When  reduced  pressure  tests  were  performed,  the  initial  temperature  was  held  and 
the  pressure  reduced  the  required  increments  until  the  lowest  pressure  waa 
recorded.  The  temperature  was  then  increased  to  the  next  increment  while  holding 
this  low  pressure  and  this  scries  of  readings  were  taken  by  increasing  the 
pressure  through  the  required  increments.  This  resulted  in  readings  taken 
alternately  at  decreasing  and  then  increasing  pressure  increments  for  the 
various  temperatures. 
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Figure  3 

SE  CTLDWER  JEST  APPAftATOS 


lTXC  Of  HEAT  FLOW  TRANSDUCER  APPARATUS 


'samr<anr  saoif/Tssrs z  nora  xtsh 


14 


D2-81285 


Figure  7 

TEST  SET-UP  FOB  HEAT  FLOW  TRANSDUCER  APPARATUS 
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TEST  DATA  AHD  AHALT3I8 


The  teat  data  generated  In  this  prograa  vas  combined  with  other  previously 
published  data  and  an  analysis  aade  to  determine  suitable  design  allowable 
thermal  conductivity  values. 

Sue  to  the  nonlinear  influence  of  test  temperature,  pressure  end  material  density 
on  the  mean  apparent  thermal  conductivity,  a  comparative  method  was  used  to 
evaluate  the  data.  The  actual  test  data  generated  In  this  program  are  presented 
in  Appendix  B  for  those  wishing  to  review  the  raw  data. 

The  effect  of  test  temperature  and  pressure  was  determined  for  each  specimen. 
Nominal  thermal  conductivity  curves  were  developed  for  each  specimen  by  plotting 
the  test  data  versus  temperature  and  fairing  curves  through  the  data  points. 

For  those  specimens  for  which  reduced  pressure  data  was  obtained,  an  additional 
plot  of  thermal  conductivity  versus  pressure  was  prepared  end  noalnal  curves  for 
several  selected  temperatures  were  drawn.  Tnese  curves  are  Included  In  Appendix 
A.  The  referenced  test  data  included  In  the  analysis  was  treated  in  the  same 
manner  and  plots  of  these  data  are  also  Included  in  this  appendix. 

It  was  necessary  to  determine  these  nominal  temperature  and  pressure  relation¬ 
ships  for  each  Individual  specimen  since  exact  duplication  of  test  conditions 
were  not  obtained  between  specimens.  Determination  of  these  nominal  relation¬ 
ships  then  allowed  interpolation  to  several  specific  temperatures  and  pressures 
in  order  to  obtain  a  comparison  between  specimens.  * 

The  Individual  specimen  results  were  then  compared  by  plotting  the  Interpolated 
thermal  conductivity  value  for  the  selected  temperature  and  pressure  as  a 
function  of  specimen  density  as  shown  in  Figures  6  through  13*  Mean  tempera¬ 
tures  of  400,  900,  1400,  end  l800*F  were  selected  for  comparing  the  unstablllsed 
material.  In  addition,  2000,  2250,  and  2500*F  temperatures  were  Included  for 
thermally  stabilized  material.  The  pressures  selected  for  comparison  were  760, 
100,  20,  5,  1,  end  0.1  m/Bg. 


Best  estimate  average  property  curves  were  then  drawn  through  this  cross  plotted 
data  to  define  the  most  likely  thermal  conductivity  versus  density  relationship 
for  the  selected  temperatures  and  pressures.  The  most  data  was  available  for 
atmospheric  pressure  (760  ma/Hg)  as  shown  in  Figure  8.  Consequently  this  data 
was  used  to  de«elop  the  basic  trends  at  the  various  temperatures. 

Data  In  References  (3),  (4),  and  (6)  in  general  agrees  quite  well  with  the  data 
generated  in  this  prograa.  No  significant  difference  is  evident  between 
unstabllized  and  thermally  stabilized  material  at  a  given  density,  iherefore, 
all  data  was  grouped  together  to  define  the  most  likely  average  property  curve*. 

For  the  higher  temperatures  and  at  some  of  the  reduced  pressures,  the  small 
amount  of  data  available  required  some  interpretation  of  the  data  In  order  to 
draw  the  curves.  In  these  cases,  the  average  curve  placement  took  account  of 
the  relationship  of  the  particular  specimens  to  the  average  curves  at  lover 
temperatures  and  pressures  where  sufficient  data  existed.  For  example,  the 
average  curve  for  2500*F  in  Figure  6  was  pieced  about  15ft  above  the  data  point 
at  6.0  lb/ft^  since  the  data  points  for  this  8.0  lb/ft^  specimen  averaged  about 
15ft  below  the  average  lines  at  1400,  1800,  and  2000*/. 
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Design  allowable  thermal  conductivity  values  ere  presented  as  average  properties 
with  a  stated  range  since  the  Intended  application  will  govern  whether  maximum 
or  minimum  values  are  conservative.  The  average  property  curves  developed  above 
were  used  to  prepare  design  allowable  curves  for  several  selected  densities. 

These  are  presented  in  Figure  l6  through  21.  The  range  of  material  variation  is 
provided  on  these  curves  to  allow  the  user  to  adjust  the  values  to  suit  the 
application. 

Sufficient  duplication  of  test  conditions  ware  not  obtained  to  allow  a  rigorous 
analysis  of  variance  at  the  various  conditions  of  density,  pressure,  and  tempera¬ 
ture.  An  estimate  of  variation  was  obtained,  however,  by  grouping  some  of  the 

data. 

The  first  group  consisted  of  the  eleven  sets  of  data  for  unstabilised  Q-felt  of 
3.9  i  0.4  lb/ft’  as  summarized  in  Figure  l4.  The  variation  in  thermal  conducti¬ 
vity  about  the  mean  for  five  temperatures  was  examined.  The  density  and  each 
temperature  were  treated  as  controlled  independent  variables  which  assigned  all 
of  the  variation  effect  to  the  measured  thermal  conductivity  values.  A 
statistical  analysis  was  then  performed  on  this  set  of  data  to  determine  the 
coefficient  of  variation  which  was  calculated  as  follows: 


s 


>c-E 


n  •  1 


where:  S  *  the  coefficient  of  variation 


K  *  the  individual  measured  value  of  thermal  conductivity 
K  «  the  average  of  the  measured  values 


n  *  the  number  of  individual  values. 


A  summary  of  the  values  determined  from  this  group  of  data  is  provided  below. 

Tie  coefficient  of  variation  Indicates  that  the  variation  at  the  several  tempera¬ 
tures  is  not  significantly  different.  The  average  coefficient  of  variation  for 
all  five  temperatures  is  7*4*. 


TABLE  4 

Statistical  Summary  of  3.9  *  .04  lb/ft^  data 


Temperature,  *F 

325  *  25 

710  t  10 

1080  i  20 

1370  ~  30 

l64o  t  15 

n 

13 

8 

8 

10 

7 

K 

.720 

1.1525 

1.6750 

2.1880 

2.7671 

I  FfI|W 

725.3 

371.5 

400.62 

509.6 

296.4 

s 

7.79* 

7.2?* 

7.56* 

7.53* 

7.04* 
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If  the  dispersion  of  the  values  of  the  dependent  variable  are  of  approximately 
equal  percentage  of  average  regardless  of  the  value  of  the  independent  variable, 
an  approximate  method  for  estimating  the  variation  about  a  fitted  irregular 
curve  aay  be  used.  As  this  was  the  case  for  the  data  above,  this  technique  was 
applied-  to  the  interpolated  data  shown  in  Figure  8  which  grouped  all  atmospheric 
pressure  tests  of  all  densities  and  both  unatnbilized  and  thermally  stabilized 
material.  Tills  was  used  to  get  an  estimate  of  the  variation  about  the  average 
property  curves  determined  previously. 

In  this  procedure,  the  coefficient  of  variation  is  calculated  from  the  devia¬ 
tions  of  the  individual  value  from  the  average  curve  value  at  the  particular 
density.  This  procedure  assigns  all  of  the  variation  to  the  dependent  variable 
K  which  is  consistent  with  the  technique  used  to  present  the  variation  range  on 
the  allowable  curves.  The  summarized  analysis  of  the  data  included  in  Figure  8 
is  shown  below. 


TABLE  5 

Statistical  Summary  Atmospheric  Pressure  Data 


Temp.,  *F 

*00 

900 

1*00 

1800 

2000 

2250 

2500 

n 

21 

2* 

23 

13 

11 

6 

* 

!(!#■) 

K 

1*20.66 

*• 

1823.27 

168* .37 

1237-91 

935 .ko 

788.61* 

2*5*30 

s 

8.*3* 

8.9111 

0-75% 

10.1511 

9.671 1 

12.5511 

9.0** 

The  coefficient  of  variation  for  this  set  of  data  la  compared  to  that  for  the 
‘  first  group  in  Figure  15.  There  is  reasonable  agreement  at  all  temperatures.  The 
slight  Increase  Indicated  at  the  higher  temperatures  is  not  considered  significant 
due  to  the  smaller  number  of  data  points  at  these  temperatures.  ThjV  indicates 
that  a  single  pooled  coefficient  of  variation  may  he  used  to  determine  the  beat 
estimate  limits  applicable  to  the  design  allowable  curves. 


(i^-l)  +  $z 


nl  +  n2 


(n2-l)  ♦ 
4-  . .  .  n 


. .  •  5  (n  -1) 

at  3 


where:  S 

s 

n 

a 


the  pooled  coefficient  of  variation  for  m  groups  of  data 

the  coefficient  of  variation  for  the  individual  data  group, 
the  subscripts  indicating  the  particular  group. 

the  number  of  individual  values  in  the  group  of  data, 
subscripts  Indicate  the  particular  group. 

the  total  number  of  data  groups. 


Substituting  actual  val  .es  into  the  above  equation  from  Table  5,  we  get  a  pooled 
coefficient  of  variation  of  9-25*  *ov  the  102  data  points.  The  limit  values  art 
then  determined  (at  a  confidence  level  of  95^)  by  multiplying  this  coefficient 
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of  variation  by  the  appropriate  statistical  k  factor.  For  a  probability  that  90* 
of  the  values  will  not  exceed  the  limit  (equivalent  to  MH-HDBK-5  "B"  values), 
k  «  1.53*»‘  For  99*  probability  (equivalent  to  MIL-EDBK-5  "A"  values),  k  ■  2.095* 
The  limits  are  es  follows: 


Reliability 


C  -  P 
.95  .90 


Upper  Limit 
K+  lty 

K  +  25* 


Lower  Limit 
K  -  14* 

K  -  25* 


Tnese  are  the  limits  used  on  the  allowable  curves  shown  in  Figure  l6  through  21. 
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FIGURE  10 

DENSITY  EFFECT  OH  TJERMAL  CONDUCTIVITY  OP  Q-FELT  AT  20  tao/Hg  PRESSURE 
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FIGURE  11 

EERSITT  EFFECT  OH  TH5RHAL  CO»DDCTI¥ITT 
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FIGURE  14 

THERMAL  CONDUCT  IV  ITT  OP  SEVERAL  LOTS  OP  3.9  +  .4  LB/FT^  UN  STABILIZED 
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COEFFICIENT  OF  VARIATION 
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FIDO®  1$ 

COEFFICIENT  OF  VARIATION  OF  Q-fELT  THERMAL  CONDUCT IVITI 

•  -  All  Q-Felt  at  atmospheric  pressure,  variation  about  average  lines 
shown  in  Figure  8  . 

O  -  Un stabilised  Q-Felt,  3.9  +  o.A  lb/fV,  data  shown  in  Figure  14 

(  )  -  Number  of  points  included  in  analysis 
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concujsioNS 


The  mean  apparent  thermal  conductivity  of  micro-quarts  fiber  insulation  is  a 
nonlinear  function  of  the  mean  insulation  temperature,  the  density  of  the 
insulation,  and  the  pressure  of  the  surrounding  air.  In  general,  the  thermal 
conductivity  decreases  with  increasing  density  or  decreasing  pressure  within  the 
ranges  investigated. 

Exposure  of  the  as-produced  material  to  temperatures  much  above  l800*?  results 
in  stiffening,  shrinking  and  densification  of  the  felt.  The  as-produced  felt 
may  be  thermally  stabilized  to  provide  an  insulation  usable  to  considerably 
higher  temperatures.  There  appears  to  be  no  significant  difference  in  the 
thermal  conductivity  between  as-produced  material  and  thermally  stabilized 
material  when  tested  at  identical  density  and  pressure  within  the  temperature 
range  where  the  samples  remain  dimensionally  stable. 

Design  allowable  thermal  conductivity  values  are  presented  as  mean  values  with 
the  upper  and  lover  range  stated  since  the  application  will  govern  whether  maxi¬ 
mum  or  minimum  values  are  conservative.  An  estimate  of  the  variation  is  included 
to  allow  the  user  to  determine  his  required  value. 

The  allowable  carves  for  unstabilised  material  are  limited  to  mean  temperature* 
below  l800*F  due  to  dimensional  instability  above  this  temperature.  These  curve* 
are  presented  as  a  function  of  mean  temperature  at  various  pressures  for  3.6» 

5.1,  and  7*3  lb/ft’  densities  in  Figure  16  through  18.  , 

The  allowable  curves  for  thermally  stabilized  material  cover  temperature*  to 
2500 *F.  These  curve*  are  also  presented  as  a  function  of  mean  temperature  at 
various  pressure*  for  three  densities,  4. 5,  6.2,  and  8.0  lb/ft3,  as  shown  in 
Figure  19  through  21. 
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ALLOWABLE  TJERKAL  CONDUCT IVITT  FOR  3.6  LB/FT^  KICRO -QUARTZ  flEER  INSULATION 
Q-F«lt  (BH3  9-1,  Type  I)  q.50  In.  thick 

UNSTABILIZED 

Test  Condition:  Thermal  Equilibrium  In  air 

For  maximum  or  minimum  ralues,  adjust  the  mean  thermal  conductivity  values  as  follows 
Reliability  Upper  Limit  Lower 

^•95  ~  F.90  1.1A  x  Kean  .86  x  Kean 

C.95  '  P.99  1,25  X  K*an  *75  x  H9,u* 


O  A 
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MEAN  APPARENT  THiRMAL  CONDUCTIVITY,  10  BTU-in/W-in' 


ALLOWABLE  TIERHAL  CONDUCTIVITT  Ftffl  5.1  LB/ET3  MICRO-QUARTZ  FIBSR  INSULATION 
Q-Felfc  (BMS  9-1  Type  I)  0.50  In  thick 

UNSTABILIZED 


Test  Condition:  Thermal  Equilibrium  in  Air 


t 


O  A 
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FIGURE  18 

ALLOWABLE  THERMAL  CONDUCTIVITY  FOR  7.3  LB/FT3  MICRO-QUARTZ  FXEER  INSULATION 
Q-Felt  <BKS  9-1  Type  I)  0.50  In  thick 

UNSTABILIZED 

Test  Condition:  Thermal  Equilibrium  in  Air 

For  maximum  or  minimum  values,  adjust  the  mean  thermal  conductivity  values  as 
follows: 


0  200  400  600  80C  1000  1200  1400  1600  1800 
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FIGURE  19 

ALLOWAHLX  THERMAL  CONDUCTIYITT  FDR  4.5  LB/FT3  MICRO-QUARTZ  FIBER  INSULATION 

Q-Felt  (BMS  9-1  Type  II)  0.25  in  thick 

Thermally  Stabilised  3  Hour*  at  22Q0’T 

Test  Condition:  Thermal  Equilibrium  in  Air 

For  maximum  or  minimum  values,  adjust  the  mean  thermal  conductivity  values  as 
follows: 

Reliability  Upper  Limit  Lower  Limit 

C  -  P  Qrt  1.14  x  Mean  .86  x  Mean 

Cl95  “  P!?9  1-25  x  *75  x  Mwui 
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JEAN  APPARENT  TffiRMAL  CONDUCTIVITT,  10  BTU-W*ec-in' 


ALL0WABU5  TIERMAL  CONDUCTIVITT  Ft®  6.2  IB/FT3  MICRO-QUARTZ  PEER  INSULATE® 

Q-Felt  (BUS  9-1  Type  II)  0.25  la.  thick 

Thermally  Stabilized  3  Hours  at  220C*P 

Test  Condi  .ion:  Thermal  Equilibrium  in  Air 

For  maximum  or  minimum  values,  adjust  the  mean  thermal  conductivity  values  as 
follows: 

Reliability  Upper  Limit  Lower  Limit 

C  „e  -  P  ^  l.H  x  Mean  .86  x  Mean 


.95  .90 

P.95  -  P.99_. 


1.25  x  Mean 


.75  x  Mean 
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MSAM  APPAIEOT  THSRKAL  COKBUCTIVITT  ,  10  BTO-ln/»e«-in 


picks  a 

ALLOWABLE  THERMAL  CONDOCTIVITT  FOR  8.0  LB/FT3  MICRO-QDARJZ  FIBER  INSOLATION 
Q-Felt  (BKS  9-1  Type  II)  0.25  in. thick 

Themally  Stabilised  3  hours  at  220*F 


Test  Condition:  Thermal  Equilibrium  in  Air 

For  maximum  or  minimum  values,  adjust  the  aean  thermal  conductivity  values 
as  follows: 


0  500  1000  1500  2000 
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APPENDIX  A 


TEST  DATA  PLOTS  AND  NOMINAL  CURVES 


Included  in  this  appendix  are  plots  of  actual  test  data  for  the  various 
specimens  tested  in  this  program  and  also  for  referenced  data  used  in  the 
analysis  provided  in  the  text  of  this  document. 

These  data  were  plotted  as  a  function  of  temperature  and  test  pressure  and 
curves  were  faired  through  the  data  points  to  define  the  no-alnal  temperature- 
pressure  influence  on  the  measured  thermal  conductivity  of  the  various 
specimens. 

Figures  A-l  through  A-12  cover  unstabilized  material  and  Figures  A-13  through 
A-2h  cover  the  thermally  stabilized  material.  The  figures  are  arranged  in  order 
of  increasing  specimen  density  for  each  material  condition. 
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T1ERKAL  COHDUCTIVITT;  ID  BTU-in/**e-in‘ 


VENDOR  INFORMATION  ON  3.0  TO  3 


.5  Lfl/F r 


UNSTABILIZED  Q-BELT 


pressure  **  atmospheric 

0-3.0  l\x/tx?  density,  3A<>  in-  thieknes.: 
0-3.5  Ib/ft?  density,  $  in.  thickness 


Data  per  Ref.  (A) 
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Test  Pressure  -  mm/Hg 
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THERMAL  COMDUCTXVITT,  10“°  BTC-ia/W-in 


TEHFBRATOE  EFFECT  OH  3.68  AND  3.75  LB/FT3  BNSTABILIZEB  Q-FELT  FROM 

LOT  S 
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APPENDIX  B 


TABULATED  TEST  DATA 


The  actual  test  data  obtained  in  this  test  program  is  provided  in  tabular  font 
in  this  appendix  Each  table  presents  the  data  obtained  on  a  particular  lot 
of  material.  The  tabulated  data  is  included  for  the  convenience  of  those 
wishing  to  review  the  actual  test  data. 

Tables  B-l  through  B-8  show  the  data  for  the  unstabilized  material.  Tables  B-9 
through  B-lfc  includes  the  thermally  stabilized  test  data.  The  tables  are 
arranged  in  order  of  increasing  specimen  density  for  each  material  condition. 


TABLE  B-l 


TEST  DATA  PCS  3-55  TO  4.06  LB/FT3  UHSTABILIZED  Q-FELT  FHOM  LOT  D 


Teat  Apparatus:  Heat  Plow  Transducer 


Teat  Temperatures  -  *F 

Themal  Specimen  Test  Specimen  Hot  Cold  Kean 
Stabili-  Density  Pressure  Thickness  Face  Face  T„  (T„-Tr)  1 


sation 

Treat¬ 

ment 


lb/ftJ 


FC0D 


t  -  in. 


TH  ¥c)  10  ^  10  gTU-in 
sec-in2  sec-in2-*F 


none 

3.55 

760 

.50 

400  300  350 

100 

153 

.76 

1 

I 

800  626  713 

174 

422 

1.21 

1 

1200  967  10S4 

233 

816 

1.75 

\  * 

1500  1228  1364 

272 

1215 

2.23 

3.55 

760 

.50 

1800  1502  1651 

298 

1722 

2.89 

1 

1 

3.58 

760 

.50 

400  298  369 

102 

155 

.76 

j 

1 

j 

\ 

800  621  710 

179 

422 

1.18 

4 

j* 

1200  958  1079 

242 

812 

1.68 

e 

t 

I 

r 

1500  1220  1360 

280 

1206 

2.15 

i 

1 

1 

3.58 

760 

.50 

1800  1495  1648 

305 

1730 

2.83 

j 

3.78 

760 

.50 

400  291  346 

109 

141 

.65 

798  615  706 

183 

384 

1.05 

i 

l 

1200  964  1002 

236 

750 

1.59 

i 

if 

1502  1244  1373 

258 

1117 

2.16 

1 

i 

3.78 

760 

.50 

1800  1508  1654 

292 

1568 

2.68 

1 

1 

3.76 

760 

.50 

400  £92  346 

108 

143 

.66 

i 

1 

,, 

800  623  712 

177 

384 

1.08 

1 

1 

1200  966  1083 

234 

745 

1.59 

i 

r 

1500  1230  1365 

270 

1109 

2.05 

« 

1 

3.76 

760 

.50 

1800  1510  1655 

290 

1572 

2.71 

l 

4.06 

760 

.50 

400  300  350 

100 

159 

.79 

i 

| 

< 

400  300  350 

100 

168 

.84 

! 

800  627  714 

173 

455 

1.31 

i 

i 

i 

i 

1200  972  1086 

228 

861 

1.89 

i 

i 

1500  1230  1365 

270 

1281 

2.37 

none 

4.06 

760 

.50 

1800  1505  1652 

295 

1823 

3.09 
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TEST  DATA  FOR  3.6« 


) 


Teat  Apparatus: 


Heat  Flow  Transduce 


Thermal  Specimen  Test  Specimen 
Stabili-  Density  Pressure  Thickness 
sation  /«3  MHftB  t  -  in. 
Treat-  lb/rt 
merit 


Hone  3.68  760  .50 


None  3.75  76O  .50 


« 


TABIS  B-2 

HD  3.75  okstabhesd  q-felt  from  lot  e 


Test  Temperatures  -  “F  Q  K 

Hot  Cold  Hean  AT  ,  , 

Face  Face  "  (Tu-T„)  llT^BTO  10  1?TU-in 

*H  lC  sec-in  sec-in  -#F 


AGO 

290 

345 

no 

153 

.69 

400 

288 

344 

112 

150 

.67 

800 

610 

7C5 

190 

417 

1.09 

1200 

940 

1070 

260 

785 

1.51 

1500 

1200 

1350 

300 

1163 

1.94 

1800 

1462 

1631 

338 

1668 

2.47 

395 

284 

339 

111 

153 

.69 

ACC 

288 

344 

112 

155 

.69 

600 

612 

706 

188 

426 

1.13 

1200 

948 

1074 

252 

806 

1.60 

1500 

1205 

1352 

295 

H91 

2.02 

1300 

1484 

1642 

316 

1707 

2.70 

e 
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TABLE  B-3 


TEST  DATA  PCS  3.6  LB/FT3  DESTABILIZED  Q-FELT 


Test  Apparatus:  Heat  Flow  Transducer 


Q  X 

Thermal  Specimen  Test  Specimen  Tffst  Tgaperatures  -  *F 
Stabili-  Density  Pressure  Thickness  Hot  Cold  Mean  ^T  lo'^BTU  10~6BTO-ln 
sat  ion  MH/HO  t  -  in.  pace  pace  r  (TH-T-)  Bec-in^  eec-in^-*F 

Treat-  '  T  «  «  M  u 


None 


i 

( 

I 


I 


i 


?!ore 


3.6 

i 


3.6 


760 

.50 

490 

366 

428 

124 

210 

.85 

100 

/ 

490 

.  412 

451 

78 

131 

.84 

50 

490 

as 

454 

72 

120 

.83 

20 

i 

1 

490 

420 

455 

70 

108 

.77  . 

10 

i 

490 

412 

451 

78 

111 

.71 

5.0 

i 

490 

400 

445 

90 

98 

.54 

1.0 

*. 

i 

1 

490 

388 

439 

102 

94 

.46 

0.50 

! 

( 

435 

338 

412 

147 

89 

4  .30 

0.20 

f 

495 

330 

412 

165 

90 

.27 

0.10 

.50 

495 

330 

412 

165 

89 

.27 

760 

.50 

1000 

808 

904 

192 

572 

1.49 

100 

t 

1000 

865 

932 

135 

434 

1.53 

20 

1000 

865 

932 

135 

355 

1.31 

5.0 

1000 

828 

914 

172 

331 

.96 

1.0 

1000 

795 

898 

205 

324 

.79 

0.50 

1000 

786 

893 

214 

322 

.75 

0.20 

1000 

776 

888 

224 

319 

.71 

0.10 

.50 

1000 

785 

892 

215 

324 

.75 

760 

.5 

0 

1505 

1255 

1375 

'  250 

1134 

2.27 

100 

\ 

1500 

1305 

1402 

195 

880 

2.25 

100 

! 

1500 

1308 

1404 

192 

880 

2.29 

20 

1500 

1296 

1398 

204 

789 

1.93  - 

5.0 

1500 

1260 

1380 

240 

760 

1.58 

1.0 

1500 

1234 

1367 

266 

773 

1.45 

0.50 

1500 

1228 

1364 

272 

779 

1.43 

0.20 

1 

f 

1500 

1225 

1362 

275 

766 

1.39 

0.10 

.50 

1500 

1225 

3162 

275 

744 

1.35 

760 

.50 

2000 

1698 

1849 

302 

2035 

3.37 

100 

< 

2000 

r45 

1872 

255 

1653 

3.24 

20 

1995 

I860 

270 

1505 

2.79 

5.0 

1990 

1680 

1835 

310 

1448 

2.33 

1.0 

1 

1985 

1656 

1820 

329 

1485 

2.25 

0.50 

1990 

I656 

1823 

334 

1470 

2.20 

0.20 

i 

r 

1990 

1660 

1825 

330 

1439 

2.18 

C.10 

.50 

lc85 

1658 

1822 

327 

1398 

2.14 
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TABIE  B-4 


TEST  DATA  POP.  3.7  LB/FT3  ITOTABILIiKD  C-PELt 


Test  Apparatus:  Guarded  Hot  Plata 

K 


Thermal 

Speclajen 

Test 

Specimen 

Mean 

10“6BriJ-in 

Stabilisation 

Density 

Pressure 

Thickness 

Temperature 

see-in^-'  P 

Treatment 

lb/ft3 

MM/H3 

t  -  in. 

•F 

Hone 

3.7 

760 

.50 

340 

,71 

\ 

\ 

t 

1 

44 0 

.82 

Hone 

3.7 

760 

.50 

550 

.91 
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TABLE  B-5 

TEST  DATA  FOR  A. 3  L3/FT5  lP.\sTA3I!.OD  Q-FELT 
Test  Apparatus:  Infinite  Cylinder 


Test  Temperatures  -  *P  Q  K 

Thermal  Specimen  Test  Specimen  Hot  Cold  .’Jean  AT  ,n-6Tm.  ..,-6™,  . 

Stabili-  Desity  Pressure  Thickness  Pace  Pace  Tu  (T„-T»)  — 

aation  ..  ,„3  MFJ/HQ  t  -  in.  Tu  T„  H  °  sec-in-  sec-in*-*? 

Treat-  lb/ffc  H  C 

ment 


O  .9 


More 


4.3 

760 

.50 

350 

260 

305 

90 

127 

.70 

j 

1 

599 

471 

535 

128 

240 

.94 

f 

) 

1 

1060 

860 

?60 

200 

620 

1.55 

1 

1 

1475 

1205 

1340 

270 

1187 

2.20 

4.3 

.  760 

.50 

1750 

1430 

1590 

320 

1630 

2.54 

B— 6 
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TABUS  B-6 


TEST  DATA  FDR  5.1  LB/FT3  KiSTABUIZED  Q-FELT 


Test  Apparatus:  Heat  Flow  Transducer 


Test  Temperatures  -  *P 


Thermal  Specimen  Test  Specimen  Hot  Cold  Mean  A  T  ..-6-- 

Stabili-  Density  Pressure  Thickness  Face  Face  Tv  (T..-TJ  m  ~ 


sation 

Treat¬ 

ment 


lb/ftJ 


t  -  in. 


ae~-ir.  sec-in 


760 
100 
20  , 
5.0 
1.0 
0.50 
0.20 
0.10 

76 0  * 

100 
20 
5.0 
1.0 
0.50 
0.20 
0.10 

760 

100 

20 

5.0 

1.0 

0.50 

0.20 

0.10 

760 

100 

20 

5.0 

1.0 

0.50 

0.20 

0.10 


500 

365 

432 

135 

195 

.72 

500 

407 

454 

93 

131 

•70 

500 

405 

452 

95 

108 

.57 

$00 

379 

440 

121 

96 

.40 

500 

331 

416 

169 

80 

.24 

500 

315 

408 

185 

76 

500 

302 

401 

198 

72 

.18 

50c 

302 

401 

198 

70 

.18 

'1008 

779* 

894 

229 

534 

1.16 

1002 

824 

913 

178 

386 

1.08 

1005 

814 

910 

191 

334 

.87 

lOO.) 

760 

880 

240 

301 

.63 

1005 

714 

860 

291 

283 

.48 

100O 

704 

852 

296 

280 

.47 

1002 

700 

851 

302 

274 

.45 

1002 

700 

851 

302 

268 

.44 

1510 

1205 

1358 

305 

1051 

1.72 

1510 

1252 

1381 

258 

8?3 

1.59 

1495 
1498 
1498 
1502 
'  1500 
.5o  1500 

.50  1993 
1981 

1984 

1985 
1985 
1980 

-  1982 

.50  1982 


1215  1355  280 

1x58  1328  340 

1122  1310  376 
1116  1309  386 

1120  1310  380 
1120  1310  380 

1645  1819  348 

1668  1824  313 

1622  1804  363 

1600  1792  385 

1530  1758  455 

1522  1751  458 

1526  1754  456 

1530  1756  452 
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TABIB  B-7 


TEST  DATA  FOR  7.3  IB/FT3  UNSTABILIZED  Q-JELT 
Test  Apparatus:  Heat  Flow  Transducer 

Test  Temperatures  -  *F  Q  K 

Thermal  Specimen  Test  Specimen  Hot  Cold  Mean  AT 

Stabili-  Density  Pressure  Thickness  Face  race  Tu  (T„-T.)  - - « 

■*£  W«3  M^1C  1  -  *"•  *»  Tc  “'-1" 

ment 


10~^BTU-in 
sec-in  -°P 


Hone  7.3  760  .  50  497  368  432  129  20]  .78 

{  t  300  500  391  446  109  161  .74 

'  100  496  401  448  95  127  .67 

20  496  396  446  100  104  .  52 

:  5.0  495  355  425  140  84  .30 

1.0  500  293  396  207  66  .15 

0.50  500  276  388  224  63  .14 

'  0.20  500  266  383  234  60  .13 


t 

( 

0.10 

.50 

503  262  382 

241 

57 

.12 

1 

760 

.50 

1000  775  888 

225 

517 

1.15 

J 

760 

i 

l 

992  766'  879 

226 

544 

1.20 

1 

300 

100 

20 

5.0 

J 

995  796  896 
990  808  899 
985  786  886 
1000  735  868 

199 

182 

199 

265 

453 

381 

318 

284 

1.14 

1.05 

.80 

.53 

1.0 

998  656  827 

342 

242 

.35 

i 

5 

0.50 

1000  645  822 

355 

240  ' 

.34 

i 

0.20 

998  640  819 

358 

235 

.33 

• 

0.10 

.50 

998  637  818 

361 

231 

.32 

» 

760' 

.50 

1505  1200  1352 

305 

1034 

1.69 

j 

760 

14 VO  H68  1329 

372 

1053 

1.63 

i 

300 

1490  1206  1348 

284 

912 

1.60 

< 

100 

1495  1215  1355 

280 

810 

1.44 

i 

20 

1510  1222  1366 

288 

714 

1.24 

i 

20 

1495  1170  1332 

325 

684 

1.05 

i 

5.0 

! 

1/  95  1089  1297 

406 

612 

.75 

i 

1.0 

0.50 

0.20 

1436  1040  1263 
1490  1038  1264 
1495  1035  1265 

446 

452 

460 

577 

576 

566 

,65 

.64 

.61 

0.10 

.50 

1495  1038  126V 

457 

552 

.60 

760 

.50 

2007  1650  1828 

357 

1829 

2.56 

\ 

100 

| 

2007  1678  1842 

329 

1505 

2.28 

\ 

20 

2005  1620  1312 

385 

3285 

1.67 

i 

l 

20 

», 

j 

1930  1595  1788 

385 

1319 

1.71 

\ 

i 

5.0 

2012  1539  1776 

473 

1169 

1.23 

i 

5.0 

\ 

1985  1500  1742 

485 

1171 

1.21 

i 

i 

:..c 

1 

1985  )450  1718 

535 

1153 

1.08 

i 

0.50 

I 

1990  1444  1717 

546 

1136 

1.04 

0.20 

i 

1990  1435  1712 

555 

1098 

.99 

7.3 

0.10 

.50 

19e5  1435  1710 

550 

1061 

.96 
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TABIZ  B-8 


1EST  DATA  rOB  7-5  LB/PT^  UNSTABILEBD  Q-PELT 


Test  Apparatus:  Heat  Flow  Transducer 


Test  Temperatures  -  *P  Q  K 

Thermal  Specimen  Teat  Specimen  Hot  Cold  Mean  AT  ,,-6^ 
Stabili-  Density  Pressure  Thiekness  Pace  Pace  T„  (T,  -T  ) 

Ration  ih/f-3  HJ i/Yti  t  -  in.  T„  T_  *  c  eec-in* 

Treat-  J-0/rt  H  C 

ment 


10~^BTU-in 

- z— - 

sec-in-*F 


Hone 


i 


•None 


7.5 

/ 


7.5 


760 

.50 

270  137 

30 

j 

260  139 

5.0 

1 

294  141 

1.0 

.50 

233  137 

760 

.50 

776  410 

760 

.50 

1135  866 

30 

j 

1128  876 

5.0 

1 

1157  820 

1.0 

.50 

1196  799 

760 

.50 

1558  1262 

1.0 

.50 

1617  1160 

30 

.50 

1990  1588 

5.0 

\ 

2049  15e6 

1.0 

.50 

2040  1575 

203 

133 

178 

.67 

200 

121 

122 

.50 

217 

153 

73 

.24 

ZW 

146 

36 

.12 

593 

366 

725 

.99 

1001 

269 

652 

1.21 

1002 

252 

419 

.83 

989 

337 

330 

.49 

998 

397 

283 

.35 

1410 

296 

1117 

1.89 

1388 

457 

577 

.63 

1789 

402 

1331 

1.65 

1818 

463 

1223 

1.32 

1808 

465 

1097 

1.18 
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TABLE  B-9 


TEST  DATA  FOR  4.95  LB/FT3  TffiRhALLY  STABILIZED  Q-FELT 


Test  Apparatus:  Heat  Flow  Transducer 


Test  Temperatures  -  *?  Q  X 

Thermal  Specimen  Test  Specimen  Hot  Cold  Mean  AT  ,  , 

Stabili-  Density  Pressure  Thickness  Face  Face  Tw  (TH-Tr)  10~°BTU  10~°BTB-in 
sation  lb/ft3  M0G  t  -  in.  T„  Te  *  n  '  8ec-iii2  eec-in^'F 

Treat-  c 

Bent 


2200 *F 
3  hrs 
1 


4.95 


760 


2200*F  4.95  760 

3  hrs 


.425  504  356  430 

1003  733  868 
1500  1149  1324 
2012  1610  1811 
2263  1833  2048 
2473  2021  2247 
.425  2769  2358  2564 


148 

199 

.57 

270 

598 

.94 

351 

1306 

1.58 

402 

2409 

2.55 

430 

3065 

3.03 

452 

3704 

3.48 

411 

5044 

5.21 
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TABLE  B-10 


TEST  DATA  FOR  5.84  LB/FT3  TIERMALLY  STABILIZED  Q-FELT 


Test  Apparatus:  Heat  Flow  Transducer 


Test  Temperatures  -  »F  Q  K 

Thermal  Specimen  Test  Specimen  Hot  Cold  Mean  A  T  ,  , 

Stablli-  Density  Pressure  Thickness  Face  Pace  Tu  (TH-Tr)  Kr^BTO  lO^BTU-ln 

sation  xjj/ft3  MV*  t  -  in.  Th  Tg  '  see-in*  sec-in^-*F 

Traat- 
raent 


2200* r 

5.84 

760 

.355 

375  291  333 

84 

155 

.65 

3  hrs 

1 

?6o 

2252  1865  2058 

387 

3179 

2.91 

100 

2248  1865  2056 

383 

2830 

2.62 

i 

j 

30 

2264  1869  2067 

395 

2567 

2.31 

i 

9.7 

2270  1883  2076 

387 

2178 

2.00 

1 

j 

2.8 

2268  1917  2092 

351 

1862 

1.88 

i 

760 

’2488  2092  2290 

396 

4049 

3.63 

1 

t 

98 

1 

2494  2101  2298 

393 

3584 

3.24 

30 

2488  2115  2302 

373 

3248 

3.09 

i 

9.8 

2504  2140  2322 

364 

2866 

2.79 

2200*? 

5.84 

3.0 

.355 

2526  2194  2360 

332 

2606 

2.78 

3  hrs 
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TABUS  B-ll 


TEST  DATA  FDR  6.21  LB/FT3  THERMALLY  STABILIZED  Q-FELT 


Test  Apparatus:  Heat  Flow  Transducer 


Test  Teeperatures  ~  *F  Q  t 


Thenaal  Specimen  Test  Specimen  Hot  Cold  Mean 
Stabili-  Density  Pressure  Thickness  Face  Face  T^ 
aation  lb/ft3  t  *  in.  Tjj  Tq 

ment 


2250*F  6.21 

2i  hr*  J 


2250*F  6,21 

2j  hrs 


760 

.33 

1010  852  931 

158 

609 

1.27 

760 

1006  770  888 

236 

9U 

1.31 

96.5 

1023  824  923 

199 

'723 

1)20 

30.0 

997  797  897 

200 

611 

1.01 

9.6 

1010  771  891 

239 

552 

.76 

3.0 

.33 

1002  728  865 

274 

486 

.58 

760 

.33 

1510  1295  1403 

215 

1225 

1.88 

760 

1507  1161  1334 

346 

.  1717 

'1.63 

100 

1509  1209  1359 

300 

1375 

1.51 

30.0 

1509  1202  1356 

307 

1265 

1.36 

tr 

10.0 

1502  1154  1328 

348 

1148 

1.09 

2.95 

.33 

1491  1102  1297 

389 

1074 

.91 

760 

.33 

2020  1740  1880 

280 

2077 

2.45 

760 

1989  1557  1773 

432 

2924 

2.23 

100 

2007  1620  1813 

387 

2504 

2.13 

30.0 

2005  1601  1803 

404 

2297 

1.87 

9.2 

2021  1568  1794 

453 

2137 

1.55 

3.0 

.33 

2000  1520  1760 

480 

1991 

1.37 

760 

.33 

2245  1786  2016 

459 

3369 

2.78 

100 

2250  1833  2042 

417 

3279 

2.59 

30.0 

2257  1821  2039 

436 

3017 

2.28 

10.0 

2257  1783  2020 

474 

2832 

1.97 

3.0 

.33 

2250  1737  1994 

513 

2654 

1.71 

760 

.33 

'  2405  2058  2232 

347 

3347 

3.18 

760 

2439  2028  2258 

461 

4911 

3.51 

ICO 

2475  2027  2251 

448 

4099 

3.02 

30.0 

1 

! 

2506  2036  2271 

470 

3945 

2.77 

10.0 

\ 

n 

2481  1970  2226 

511 

3646 

2.35 

3.0 

.33 

2525  1977  2251 

548 

3646 

2.19 

760 

.33 

2728  2224  2476 

504 

5980 

3.91 

10.0 

.33 

2602  2075  2339 

527 

4167 

2.61 
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TABUS  B-12 


TEST  DATA  FDR  6.34  LB/FT3  THERKALLT  STABILIZED  Q-JELT 


Teat  Apparatua:  Keat  Flow  Tranaducer 


The-mal  Specimen  Tast 
Stabill-  Danaity  Pleasure 
zation  .. /m3 
Treat-  lb/ft 
oent 


2 250*F 
2i  hra 

2250*P 
2$  hra 


Specimen  Hot  Cold  Mean 


lb/ft3 

MH/HG 

t  -  in. 

th 

TC 

n 

aec-in2 

eoc-in^. 

6.34 

760 

.33 

700 

565 

632 

135 

276 

.67 

j 

700 

565 

632 

135 

395 

.96 

J 

1410  1187  1298 

223 

1153 

1.70 

t 

\ 

1900  1618  1759 

282 

2016 

2.36 

6.34 

760 

.33 

2390  2050  2220 

340 

3510 

3.41 
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TABLE  B-13 


TEST  DATA  FOR  8.0  LB/FT3  THERMALLY  STABILIZED  Q-FELT 


Teat  Apparatus:  Heat  Flow  Transducer 


Test  Temperatures  -  *F  Q  K 

Thenaal  Specimen  Teat  Specimen  Hot  Cold  Mean  AT  •  . 

Stabili-  Density  Pressure  Thickness  Face  Face  T„  (T..-TJ  lO^BTU  Kf^BTlMn 

zation  ib/ft3  t  -  in.  T^  Tj,  sec-in^  sec-in^-*F 

Treat-  ' 
merit 


2250*F  8.0 

3  hrs  j 

4  1 


}  f 

2250*F  8.0 

3  hrs 


760 

.25  440  350  395 

90 

242 

.67 

i 

886  713  800 

173 

671 

.97 

1321  1076  1199 

245 

1276 

1.30 

1 

1755  1429  15°2 

326 

2030 

1  56 

i 

2182  1797  1989 

.385 

3008 

1.95 

760 

2546  2262  2404 

284 

2861 

2.52 

30 

450  347  398 

103 

222 

.54 

\ 

j 

1328  1071  1199 

257 

1080 

1.05 

30 

1 

j 

1 

2125  1882  2003 

243 

1673 

1.72 

5 

1 

1 

463  353  408 

no 

162 

.37 

1 

j 

1325  1065  1195 

260 

775 

.74 

I 

\ 

2171  1809  1990 

362 

2080 

1.43 

5 

! 

2746  2326  2536 

420 

2845 

1.69 

1 

* 

'  452  354  403 

98 

105 

.27 

• 

886  719  802 

167 

250 

.37 

1313  1080  1196 

233 

581 

.62 

< 

1736  1446  1591 

290 

1048 

.90 

t  2156  1828  1992 

328 

1786 

1.36 

1 

ir 

r  2595  2210  2402 

385 

2301 

1.49 

1 

.25  2747  2330  2538 

417 

2645 

1.58 
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TABUS  B-U 


TEST  DATA  FDR  10.3  LB/FT3  THSRMALLY  STABILIZED  ^-ffiLT 


Test  Apparatus:  Infinite  Cylinder 


Test  Temperatures  -  T  Q  X 

Thermal  Specimen  Test  Specimen  Hot  Cold  Mean  A  T  ,  , 

Stabili-  Density  Pressure  Thickness  Face  Face  T„  (T„— ?_)  K;  BTU  .  10~°grU-in 
zation  xb/ft3  t  -  in.  T^  Tp  sec-in^  sec-in^-'F 

Treat- 
nent 


2250* F 

10.8 

760 

.20 

450  346  398 

104 

336 

.64 

2  hr® 

1 

68C  530  605 

150 

585 

.78 

* 

1 

1030  760  895 

270 

1380 

1.02 

j 

« 

1 

i 

1490  1114  1302 

376 

2647 

1.41 

r 

1790  1340  1565 

450 

3755 

1.67 

2250‘F 

10.8 

760 

.20 

2190  1666  1928 

524 

5155 

1.97 

2  hrs 

♦ 

4. 
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APPENDIX  C 


MATERIAL  SPECIFICATION,  BMS  9-1 


High  •’’enperature  Mineral  Fiber  Insulation 


A  copy  of  the  material  specification  prepared  to  provide  procurement  control 
of  the  high  temperature  mineral  fiber  insulation,  Q-felt  is  provided  in  this 
appendix.  This  specification  was  prepared  to  provide  a  wore  uniform  product 
and  prevent  high  temperature  reactions  due  to  inpurities  in  the  product. 
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i.irifraiilaaNWiiiixi 


1.  score 

Thi j  specification  cover*  aln.ral  fiber  materials  intended 
for  ttainisl  insulation  of  atructurv..  exposed  to  extremely 
high  temperature  envi  ronaenta. 

2.  R»^KNCSS 

Tim  isirie  of  the  following  reference*  in  effect  on  the 
date  of  invitation  for  bid  (hail  fora  a  part  of  thla  apeci- 
fication  to  the  extent  indicated  herein. 

a.  A7TM  C  16/-W,  Standard  Method  of  Teat  for  Thiekneaa 

’  and  Delia i  ty  of  blanket  or  Batt  Type  Theraal  Joaulat- 

tn/x  Material 

b.  Pibarglaa*  I  mine  try  Test  Method,  Procedure  for  Check¬ 
ing  Average  Diameter  of  Glaas  fiber  in  tie  tfilllaaui 
Preenaaa  Tea ter 

).  TY1T3 

Tba  material  shall  b*  aineral  fiber  inaulatioa  aatarlal 
computed  of  allison  dioxide  (SIO^)  fiber*. 

1.1  T/pt  I  IbistablUtad 

l 

*  Typa  l  unstabilizad  aatarlal  ahall  be  aoft  and  naxlbla. 

I.  The  aaxiaua  expoaure  temperature  of  thla  type  ahould  not 

exceed  HOOP. 

}.?  Type  II  -  Heat  Stabilised 

Type  II  heat  stabilized  aatarlal  ia  obtainad  by  ahrinkag* 
l  of  the  Typa  1  arterial  upon  thei-aal  treatment  at  alavatad 

|  temperature*.  After  theraal  treatcont  th*  Typa  II  aatarlal 

shall  be  dtuens tonally  liable  and  ahall  aeat  auch  recjulra- 
j  aofit*  of  ieotion  •>.  *a  are  applicable. 


CODE 

Ml  /Ze W*.  * 

'' 

« til  (  kilt  '{Co 

i  m  mi  i 

‘ll.IH  MU'EHATURB  HINr.HAI. 

HBER  INSULATION 

BMS  «c 

Ql.ai  i  (S.ltaip  k.Ub^ri,« 

BOEING 

MATERIAL  SPECIFICATION 

♦**(«  1  of  11 
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FORM 


The  ■aUrtkt  aliali  be  eupplted  In  the  Tom*  specified  la  S«ct!oa  4.1. a 
and  4.1.6. 

StrMtm 

Th*  blanket  nnd  aheat  axttrlal  shall  be  coaposed  of  Interlaced 
fiber*  which  Met  the  dtuaetar  requ! i eawatt  specified  la  Section  %. 2. 

a. -  Ta*  I  aaterUl  ahall  be  supplied  In  the  fora  of  flexible,  flat 

sheets. 

b.  Type  II  antarlal  ahall  be  supplied  la  the  form  of  non-flaklbla  ahaeta. 
St  tea 


The  if-iaal  weight  par  agum*  foot  »r  density  along  with  the  daw  I  rad 
d !*«»•) «na  ahull  be  apaeiflaii  ou  the  purehaaa  order.  Data  for 
poi ehnelug  !ul>ns«.t Mu  la  listed  below: 


■  ■  ~ 

J 

• 

Miitlaua 

HhAlaiiin 

ftlnlaiua 

Nualnal 

Moalrml 

le  ue  ill 

Width 

mil.  knee* 

Weight  „ 

Denelty 

*■ —  -- 

(In.] 

ih-J  . 

l*sj - 

(tba/ft  i 

AUkiJ&h. 

1 

M* 

p 

41.11** 

0.03? 

J.O 

lr> 

Ml 

p 

u.inr> 

0.0k7 

...  1.0 

V' 

p 

O.-jUt/ 

0.146 

..JbL 

!<• 

l:* 

o.;*iO 

0.094 

4.5 

lb 

u .  ;v< 

0.129 

6.? 

_  If' 

- 

I.- 

«..')(! 

0.167 

6.0 

|i  At  the  pieaenl  line,  the  aute<  ial  la  cuemrclally 
•wellnhle  li<  the  al«a  Hated-  if  otbar  thiekneaaaa 
ii  lifreient  euterlnl  weight*  ere  dealred,  it  auat  be 
eali.t.1  lalie.)  Unit  the  e.ti-ller  cun  produce  the  enter  I  wl 
•Ill'll  will  e«v  the  engineering  reijutreeents. 

| :  •uienlei  Ibi cknesses  leault  to  felted  blanketu  with 
*«i  miloiia  of  denelty  in  the  thickness  pltae. 

.'heel  ilneut  -Hernial  ms  me  Helled  by  eniiufatturing 
mIIi.kI*  mid  pmcllcui  huiidllng  end  chipping  a  zee. 
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5. 


5.1 


5.J 


5.5 


5.4 


kat-juai  REvMiaaews 

The  requirements  of  this  Section  shall  apply  to  all  aatsrlale 
unless  otherwise  specified. 

Quality 

The  toils  rial  shall  be  of  uniform  quality,  composition,  weight  per 
square  foot,  thickness,  and  shall  contain  no  shot  or  any  foreign 
contaainanta. 


Fiber  Diameter 


The  saterial  shall  be  oonposed  ef  fibers,  0.75  to  1,5  microns 
astrals  dlasetsr,  as  date  rained  by  tha  Wiliams  Frseneas  Tsst. 


Chenioal  Coapositiom 


The  material  shall  ba  fibers  composed  of  a  minimum  of  9®.5  weight 
percent  silicon  dioxide  (510_).  The  amounts  of  impurities  shall  ' 
not  exceed  the  followlngt 

tttIGHT  PKflCOtT 

IHHUHTT  Mas.  Allowed** 


Boren  (mm  B)  0.01 
Iren  (am  Fa)  0.06 
Alamiaun  Oxide  (il^)  0,50 
Itogpetium  Oxide  (MgO)  0.  )5 
Cslolum  Oxide  (CsO)  0.55 
Sodium  Oxide  (*a?0)  0.15 


•Total  -  All  other  impurities  0.06* 


•BOTCi  If  the  total  cf  all  other  impurities,  determined  by 
difference  between  1004  and  tha  sum  of  ailica  and  all 
allowed  impurities  is  higher  than  0.06  weight  percent, 
further  qualification  will  be  neceseery.  In  this 
ease,  tha  material  to  ha  acosptabla  must  than  pass 
the  requirements  ss  established  in  Section  5.5.?.*  or 

5.5.J.4. 


•••Ifcxinun  Allowed'*  applies  to  the  maximum  amount  found 
la'  any  einglw  determination. 


Dimensional  Stability  “fypn  11* 

a.  Measurements  of  thicknesses  weed  to  determine  compliance  with 
this  Section  shall  be  made  as  specified  in  Section  6.2.4. 
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(Continued) 


5> 

b.  Measurements  of  linear  dimension*  used  to  dstemtne  compliance 
with  thie  Section  shall  be  Bade  to  ths  nearest  0.01  inch  unless 
otherwise  specified. 

c.  Ho'aore  than  1<  diaenslomtl  shrinkage  shall  be  klloved  after  the 
saterial  Is  subjected  to  a  thermal  treatment  of  2730 F  *  25F 

for  1/2  hour. 

d.  The  heating  and  coolirg  rats  shall  be  slow  enough  to  prevent 
eec-iasivt  warpege  of  the  saaple.  Heating  rate  to  2750F  is  not 
specified  other  than  to  prevent  uarpage  of  the  aaaplee. 

3.3  Surface  Contaalnatlon  and  hens  It/  Identification 

e 

3.3.1  Color 

a.  Typ*  1 

Ha  .trial  ahull  be  white  or  very  light  buff  in  color.  Tne  presence 
of  surface  discolorations  (yellow,  red,  pink)  totaling  no re  than 
3<  of  tiie  total  surfaca  area  of  any  sheet  shell  be  cause  for 
rejection  of  that  sheet  of  mfcerial. 

b.  Type  II 

To  readily  distinguish  between  the  three  densities  of  Type  II  . 
notarial  (k.3.  6.2  or  ».0  lb/ft’),  one  surface  of  the  k.5  lb/ft* 
and  9.0  lb/ft 5  materials  shall  bs  colored.  The  coloring  shall 
bum  off  at  a  low  temperature,  250  -  1000F,  without  leaving  a 
residue  which  will  react  with  the  insulation  when  it  is  heated 
to  2730  *  ?3f  and  held  for  JO  ninutes.  The  insulation  shall 
be  within  the  density  tolsrunoes  as  specified  in  Section  3.6.1. a 
bull  before  and  after  apllcation  of  the  coloring  4ye. 

*he  following  fo  runlet  ion  ie  recoaaendedt 

30  nl  -  methyl  ethyl  ketone 

0.02  grans  dye  •  “Calco  tvinli  jn  Oil  Blue,-  Caico  Cheaiea! 
Divisions,  American  Cyan  amid  Conpany 

Dissolve  the  dye  in  tho  ketone  and  then  spray  apply  to  one  surface 
of  the  insulation  as  required  for  the  applicable  density  es  list¬ 
ed  below,  u  r  dry  for  13  -  JO  ninutes  followed  by  drying  for  1 
hour  st  130  -  181  % 


0 
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(Continued) 


The  Type  II  Material  shall  be  color  coated  aa  foil owe i 

(1)  4.5  IV/Pt*  Density  (Striped) 

Tbs  4.5  lb/ft^  notarial  shall  be  a  white  Material  with  blue 
etripee  oo  one  surface.  The  blue  stripes  shall  be  appro ri- 
aatsly  1/4"  wide  on  1"  centers,  shall  extend  fro*  .mm  end 
of  the  sheet  to  the  othert  and  shall  run  parallel  to  the  14" 
sheet  diasneloa. 

(2)  6.2  Ib/ft*  Density  (White) 

The  6.2  lb/ft ^  Material  shall  be  the  natural  white  eolor. 

( 5)  8.0  Lb/ft*  Density  (Solid  B]ne? 

One  surface  (12"  x  14"  plane)  of  the  8.0  lb/ft^  Material 
shall  be  oelored  ouapletely  with  the  blue  color. 

5.%2  Class  Pornation  Or  Softanls«  - 

a.  Type  1 

The  Type  I  Material  shall  not  exhibit  any  indication  of  soften¬ 
ing  or  glassy  formation  on  any  surface  after  being  aubjuoted 
to  the  thermal  treataent  of  Section  6.1.1. 

h.  Type  II 

Type  II  notarial  shall  not  have  any  areas  indicative  of  glass 
formation  or  having  softened  during  the  stabilisation  process 
used  to  oonvert  the  notarial  Into  the  Type  II  classification. 

Mo  sign  of  softsning  or  glass  formation  ahull  be  visible  on  any 
surface  after  subjecting  the  stabilised  material  to  the  additional 
thermal  cycles  per  Section  %4.e. 

5.4  Material  Weight,  Thickaeee,  Strength  and  Sampling 


C-6 


B2-&2S5 


5.6.1 


Might 


5.6.2 


5.6.5 


L 


a.  Tolerano*  for  ths  Might  per  square  foot  and/or  density  'Of 
Material  based  on  the  overall  sheet  site  as  specified  on  the 
purchase  order  shall  he  as  apeolfled  belowi 


rtn 

Thloknese  (in.) 

Might., 

(u«/rr) 

Density. 

(Ud/N*) 

i 

0.12}  Min. 

0.0)2  t  0.00) 

).o 

0.1675  Kin. 

O.Q67  *  0.00) 

J.O 

0.500  Min. 

0.166  t  0.015 

).5 

U 

0  .  0.010 
°**50  .  0,00 

0.0)6 

6.5  *  0.25 

ft  van  ♦  °‘u»> 

°**50  -  o.ouo 

0.125 

6.2  *  0.5 

It'* 

ft  van  ♦  °'010 
°***°  -  0.000 

0.167 

8.0  t  0.5 

[T^-  Minimus  thloknese  and  weight  par  square  foot  are 

controlling  values.  Density  is  Hated  for  information 
only. 

{?"  >  Thickness,, and  density  are  controlling  values.  Weight 
peg  square  foot  ie  listed  for  infonsation  only. 

b.  The  weight  per  square  foot  of  any  three  randonly  selected 
12"  x  1?"  samples,  each  fron  a  different  sheet  of  the  Type  I 
material,  shall  aleo  ha  within  tlte  tolerances  above  as  sllewed 
for  Us  ordered  thickness. 

o.  Might  per  square  foot  of  the  Type  I  material  shall  be  determined 
as  tpeolfisd  is  Section  6.1.}. 

fhichneee 

Tbs  thickness  of  the  aaterisl  when  determined  per  Station  6.1.6 
or  6.2.6,  as  applicable,  shall  be  vtthia  the  toleranoee  listed 
is  Seotlun  5.6.I.S. 

Deuel  ty 

The  density  of  the  Type  II  notorial  when  date  mined  per  Section 
6.2.)  shall  be  vithtn  the  applicable  tolerance  as  specified  In 
Section  5.6. i.s. 
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Flexural  3‘rength 

The  nlniaua  value  of  tha  strength  of  the  Typs  II  notarial  vhsa 
tasted  as  specified  la  Station  6.2.5  ahall  ba  12  lbs/ia*. 

KTSi  Put  to  Halted  taat  results  svailsbl#  at  tha  praasnt 
tiaa,  tha  valua  oboes  say  hare  to  ba  adjusts!  at  a 
latar  data. 

Stapling 

To  dstermlna  cuapliancs  with  tha  requirements  of  Saetioa  5.6,  a 
rondos  staple  of  3  lhrala  or  biankata  ahall  ba  taatad  froa  each 
receival  lot.* 

•  A  raeaiaal  lot  ahall  ba  dafinad  aa  tha  aatarlal  of  ona  thleknaaa, 
raoaWtd  by  tha  purchaser  at  ona  tiaa,  froa  ona  produotlaa  lot 
of  baa'io  flbara. 

NOTti  Purchase  ordar*  auat  inoluda  sufficient  aatarlal 
(in  excess  of  that  required)  to  allow  for  thla 
aaapla  plan, 

TK3T  KETIIOM 

Tha  following  taet  oathoda  ahall  ba  mad  for  prbduot  accaptanoa 
tasting  dona  by  tha  purchaser* n  quality  Control  bapartaant. 

Type  I  UnstabilUed  Notarial 

Glass  Forest ion  Or  Softanmg  Of  Typa  I. 

Tu  check  for  the  presence  of  iai*iritiea  which  nay  causa  softening 
and/or  glass  forest  ion  when  (ho  Typa  I  aatarlal  is  subjected  to 
elevated  teaperaturas,  the  following  j '.uedura  ahall  ba  uaadi 

a.  Threw  rend  oly  selected  spaciaens,  6*  i  6*,  shall  ba  takes  frua 
each  of  tie,  throe  aaaplwd  sheets  or  biankata. 

b.  Meat  tie,  speviacbs  to  <?20i'P  l -OK,  .‘OF)  and  hold  at  this  teapar- 
uture  for  '  hours.  The  fumece  should  not  be  over  2VJP  at  tha 
tine  tie-  aatarlal  la  placed  in  it.  The  rate  of  heating  and 
cooling  shall  ba  slow  wi.-'-u.-h  to  prevent  excessive  war  pa  go  of  the 
seaple.  (1  suggwetvd  heating  and  cooling  rets  V-  to  3*F  par 
ainute  to  a  teapi-reiure  ot  15**'F|  froa  lhiOF  to  .’.HUP  at  a  rata 
of  1*'  to  .’V  par  cinutv  -  ul  at  a  rata  no  faster  than  •-Onp  |ar 
hour  dews  to  VK<P). 


6.1.1 


(Continued; 


o.  tin  »;ecieen  ahull  be  placed  so  that  tlia  material  in  not  expoeed 
to  Jne.t  radiation  fron  lha  heating  element*  of  tha  furnace. 

In  -.dll lion,  tnme  ahull  ho  a  fra*  flow  of  air  below  th*  eup- 
l>oiti!iK  platform  nnd  over  lha  top  aurfaea  of  tba  tpealmen 
arru/inemaiits  ua  indicated  in  figure  1* 

d.  The  eappurtlag  platform  ahull  coneist  of  a  material  euch  a*  xttr- 
oohlum  oxld#  or  iron -free  vyjC  pure  aluminum  oiida.  Thin  material 
ahull  nut  reuct  with  the  inaulation  at  elevated  temperature*. 

e.  The  teaej'e i ntui  e  ahail  be  muaaured  bp  a  Pt,  pt.  -lh.,  thermo* 
oouplm  pi  need  under  m  tpecimen  aa  abown  in  Figure  1.  At  leaat 
one  thvuHMiowplu  j.ir  ahalf  dial  1  be  employed. 

f.  At  Ur  .  Iiuk,  viaoullp  I  nr  pact  the  epeclmen  and  check  for  tho 

pi hj*i,  :r  if  aoftunini:  nr  glove  formation. 

n.l.?  Colur 

,  Viaual  «•  v*tiiali«n  uf  all  eurfuoe*  for  conformance  to  reiiulrememta 

ol  .ShcIi.v*  h.S.I  ahull  be  made.  Area*  which  are  of  questionable 
.  color  lm  len-nd  to  ameluig  Um  raquireaeata  nap  be  verified  bp 

aubmlttiud  t>.  the  tlwranl  upcl«  in  Section  6.1.1.  Tadleetiona  of 
aul  tenlng  or  glace  forwut.i-a  ahull  them  require  rejaetiom  of  that 
eheut  out. riel. 


> 
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6.1.3 


\ 

6.1.6 


.  6.2.1 


ireruge  Weight  Per  Square  Poot 

a.  To  determine  compliance  with  the  applicable  requirements  of 
Section  3.6.1. a,  the  ehsat  site  a a  specified  shall  be  weighted 
to  the  nearest  10  grama.  The  linear  diaenslone  of  the  shoot 
shall  be  determined  to  the  nearest  0.1  of  ait  Inch.  Calculations 
and  datarainallon  of  eoaforaanca  to  Ssction  3*6.1  shall  thaai 

be  aade  from  those  aeasnrenents. 

b.  To  determine  compliance  with  Section  3.6.1.b  a  readonly  solo.  1. 1 
1?"  x  12«  sample  shall  be  out  from  each  of  3  sheets  of  aatexii'. 
The  selection  of  the  shoet  material  shall  alto  be  dona  la  a 
random  Banner.  The  linear  dimensions  shall  be  takes  to  thm 
nearest  0.1  inch  and  the  see  pie  weighed  to  the  nearest  1.0  cram. 

o.  Tho  average  weight  par  square  foot  shall  be  eeloslated  fna 
the  following  formulas 

Lba/aq.  foot  -  Weight  Igrna a)  »  0.J17 
Area  (square  inches} 

Thiekmeao 

The  teat  apeolmam  shall  be  placed  on  a  rigid  plato  ami  the  thls'nso 
aa  a  eared  using  a  modified  ISTH  0  167-30  tMoknesa  tester.  The 
modification  shall  be  aueh  that  tho  disk  bo  a  minimus  of  3  Inc  boo 
in  dlaaatsr.  In  addition,  tho  total  Might  of  disk  stall  bo 
adjusted  to  produce  a  uniform  load  of  0,03  Ibs/m?  oa  tho  insulation 
when  the  disk  is  freely  renting  oa  the  material.  He,  eureaente  **»U 
be  taken  to  tho  nearest  0.010  inch  and  tho  value  used  shall  ho  tho 
average  of  all  mesaureonatm  taken.  Tho  nuaber  of  aeomareaeatm 
shall  not  ha  loos  thorn  6  for  12M  l  12*  end  smaller  uspiii,  aaC 
not  lose  thorn  d  tor  tho  larger  ohaet  else. 

typo  II  stabilised  notarial 

Dimensional  Stability 

a.  Taat  aaaples,  6«  a  4“,  shall  be  aeasured  for  diaoeolona  per 
Sections  3*6  and  6.2.6  and  tbea  bested  to  2730P  t  25 P  smd 
hold  for  30  minuter.  After  cooling  and  reaeeeureeeat  of  tho 
staple  ao  change  of  dlmeeiiont  greater  than  1  percent  shall  ho 
allowed,  Tho  heating  and  socling  rata  shall  be  alow  enough  to 
provost  eiaesoivo  warpago  of  the  teat  specimen. 

b.  Positioning  of  tho  Typo  II  tost  samples  shall  be  tho  same  mm 
specified  la  Section  6.1. l.o  through  6.I.I.O. 
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6.2.2 


Color  and  Surface  Contaaination 


t.  Visual  eiaaination  of  tho  Tjpe  II  aaterisl  shall  bo  used  to 
deteralne  ocapllanca  to  tho  color  requirements  to  specified 
to  Sootloa  5.5.1 -b. 

b.  Visual  oxaalnatlon  of  tho  typo  II  aatorlal  shall  bo  used  to 
shook  for  tho  presence  of  foreign  suits  rial  and/or  surfaoo 
cootaainanta  to  lnauro  that  tha  caterial  aoota  tho  requirements 
of  Section  3.1  and  Section  5.5.i’.b. 

6.2.1  Density 

doteralne  eonfomaace  to  tho  applicable  density  roqulraaento 
specified  in  Section  5.6.1. a,  the  following  procedures  shall 
asedi 

a.  Meaaurenents  (lengtn  and  width)  of  the  ordered  sheet  s.lao 
shall  be  taken  to  the  nearest  0.1  inch. 

b.  At  least  6  randoa  eaasureaente  of  thickness  shall  be  taken 
as  specified  in  Section  6.2.4.  The  average  value  of  these 
neasursaents  shall  be  used* 

o.  'fhs  weight  of  tr,e  sheet  for  which  the  dlnsasiooal  ***eurenentt 
ware  token  shall  be  detemiaed  to  the  nearest  l.C  gran. 

d.  Calculations  of  tin  density  shall  be  node  using  tha  values 
obtained  ia  Sections  6.2. }. a  through  6.2. 5.0.  Density  shall 
be  eoaputed  tain*  the  following  foiaulas 

• 

Density  (lbo/cu.ft.)  -  Vt.  (grans)  «  »»1 
Vol.lcubio  laches) 


6.2.4  DUensiOM 

a.  Thickness  of  the  type  II  astsrinl  shall  be  asasured  to 
tha  nearest  0.001  inch,  unless  otherwise  specified. 

b.  length  and  width  of  type  II  notarial,  after  ti-  ;U-mal  treat- 
sent  at  27502,  shall  be  aeasured  to  the  nearest  0.01  inch. 

c.  A  alniaua  of  4  randoa  neaaureoent  e  shall  be  sale  00  each  staple 
asasured,  using  an  appropriate  tool.  Care  snail  be  taken  not 
to  coapress  the  naterlal,  so  that  accurate  aeaaureaents  can  bo 
aadt. 
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6.2.5 


FI* rural  Strength 


7. 


7.1 


7.2 


t.  Pl«rural  ntrongth  tatting  of  tht  Typ*  IT  aattrial  to  dtttrnln* 
oospltano*  to  Stotlon  5.6.4  thtll  k#  don#  on  a  nlnim*  of  thrtt 
taaplas  par  sh«tt  of  nattri'U.  ft*  nuabtr  of  thtttt  t*st*d 
thtll  bt  ta  aptoiritd,  par  SaCtlon  5.6.5. 

b.  Tht  ttat  tt tup  thtll  bt  ta  thorn  by  flgurs  2  with  a  load  rat* 
of  0.5  ln./ainutt.  Tht  support  and  loading  a.nbsra  shall  bt 
at  ltast  }  inoht#  widt.  Tht  ttat  aaaplt  diaantiona  shall  bt 
3.0  i  0.030  lnsh  by  3.0  *  0.030  inch. 

o.  All  talutt  obtaintd  shall  bt  tqual  to  or  grtattr  than  tht 
nlntau*  valut  sptoifitd  in  Stotlon  5*6.4.  Valuta  shall  ba 
ttprutatd'ln  pounds  par  tqusrt  inoh  and  calculattd  using 
tht  following  fomulai 


Vharti  ?  «  Pleura!  Strength  ia  Ibt/in* 

i  • 

P  •  Appiltd  load  tn  lba. 

1  .  Spaa  batwnan  supports  ia  lathta 

b  •  Width  of  tptolntn  in  Inch## 
d  •  Thicknttt  of  tptointn  in  lnohtt 

IilMiitiunal  nasdurtasntti  thtll  b*  aadt  to  tht  ntartat  0.01  inch. 

(JHAUTT  CONTROL 

Supplitr 

Suppliers  shall  furnish  t  itatsatnt  indicating  bonforaanct  to 
Sections  5.1,  5.5.?  and  t»it  data  showing  oonforatnot  with  Station! 
5.?  and  5.3  with  »aoh  ahipnsnt. 

Purchattr 

Tt.-  puroliuttrs  duality  Control  shall  par  fur*  any  of  tha  taula  of  this 
rpac  i  floatl'in  nacauaary  to  tnaura  that  attar!  alt  confora  to  tht 
•tqul raasnla  of  thlt  apoolflnation. 

la  addition,  duality  Control  tluill  tsst  tsch  raoslaal  lot  to  Iha 
rt|u)rea«nts  of  Stations  5.4  ‘>,5  and  5.6.1  at  It  spplioatla  to 

tht  typ#  of  aattrlai  nacalaail. 
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rACMSItn  AND  HAPKirn 


a.  F»fk»gio«  shall  b*  such  is  to  »SNur«'  safe  dell*-  rr. 

b.  Each  package  shall  be  durably  and  legibly  marked  eilh  the 
following  information! 

fl)  Boeing  Material  Specification  Humber  WiS  <MC  and  Type  nush«r. 
ii)  Boeing  Funchaie  urd*>r  Number. 

(J)  Suppliers  I«t  Number 

NCV' Es  Different  lot  Hush* r  Designation  must  be  nn.irned 
,  to  s*t»rtela  rr<  Diced  fr»*  different  production 
hatches 'nf  basic  fibers, 

(h)  Suppliers  Dale  of  Manufacture  (Dote  frit  maniifaetur’ d>« 

(5>  Suppliers  Hat"rinl  Designation. 

U>)  Quantity, 

a 

r.  Type  II  s»e-fleilble  r.hei-t,  tfc/ft^  and  d.O  lb/ft^  density, 
shall  be  color  coated  one  aide  per  Section  r>.b, l.b, 

MUECTIf* 

If  the  results  "f  say  tast  made  upon  a  oanple  do  nd  confers 
to  the  requirements  slated  in  thir  apeci ficat Its,  the  laatrrial 
shall  be  reject'd. 
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DISCLAIMER  NOTIG 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY 


